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UNITED STATES LETTERS PATENT 



10 Be it known that I George P. Emerson, residing at 1 43 Warren Street, Arlington, 

MA 02474 and being a citizen of the United States, have invented a certain new and 
useful 

IMPROVED ESfSUFFLATION-EXSUFFLATION SYSTEM WITH PERCUSSIVE 
ASSIST FOR REMOVAL OF BRONCHO-PULMONARY SECRETIONS 
15 of which the following is a specification: 
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Applicant: George P. Emerson 

For: IMPROVED INSUFFLATION-EXSUFFLATION SYSTEM WITH 

PERCUSSIVE ASSIST FOR REMOVAL OF BRONCHO- 
PULMONARY SECRETIONS 



FIELD OF THE INVENTION 
5 This invention relates to an improved insuffiation-exsuffiation system with a 

percussive assist for removal of broncho-pulmonary secretions during at least one of 
insufflation and exsufflation. 

BACKGROUND OF THE INVENTION 
1 0 The use of mechanical insufflation and exsufflation (MI-E) with negative pressure is 

a well-known technique for helping patients with an ineffective cough to remove secretions 
from the respiratory tract. Patients who can benefit from the technique include: post-polio, 
muscular dystrophy, spinal muscular atrophy (SMA), post-cardiac surgery, amyotropic 
lateral sclerosis (ALS), mechanically ventilated, or anyone with insufficient muscle strength 
15 to generate the high expiratory flows necessary for moving secretions up the tracheo- 
bronchial tree. The technique involves the use of a blower and valve, which via a facemask, 
mouthpiece or adapter for a tracheal tube, alternately applies positive pressure first to inflate 
the lungs, then shifts rapidly to negative pressure to create a high expiratory flow. One 
shortcoming of MI-E is its limited effectiveness on patients with unusually thick or 
20 tenacious secretions. In such patients MI-E can create high expiratory airflows, but the 
secretions tend to remain attached to the airways within the lung and cannot be dislodged or 
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loosened. 

The use of percussion in loosening secretions in patients' airways is also a well- 
known technique. The most widely used is referred to as "chest physical therapy", wherein 
a nurse or physical therapist uses cupped hands to rhythmically strike the chest wall, 
5 producing vibrations in the lung tissue. There are also devices that accomplish this 

percussion both external to the body via mechanical "thumpers" or positive pressure vests, 
and internally via a facemask or mouthpiece, using short bursts of positive pressure to the 
airway. In addition, some devices, like the "Flutter®" (Axcan Scandipharm) and the 
"Acapella®" (DHD Healthcare) use the patient's own expiratory flow to generate 
1 0 oscillations in the airway. 

A shortcoming of these various percussive techniques is that they effectively loosen 
secretions in a patient's airways, but do not actively remove the secretions, as does MI-E. 
In fact, for a patient with insufficient peak cough expiratory flow, the use of percussion 
alone may loosen a mucus plug, which the patient cannot expel, causing blockage of the 
15 airway. Also, patients with neuromuscular disease or general muscle weakness cannot 

generate adequate airflow to use the "Flutter®" or "Acapella®" devices. 

One approach, U.S. Patent No. 2,9 1 8,9 1 7, applies a vibration to either a positive 
pressure, (inhale), or negative pressure, (exhale) but not both. This has not been satisfactory 
in some applications. Also this approach employs a diaphragm pump to fluctuate the air 
20 provided to the patient. Such pumps are large and not conducive to portability and require 

significant energy in addition to that used to drive the primary pressure source. In addition, 
in applying pressure oscillations this approach must work against the pressures provided by 
the primary pressure source itself. 
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BRIEF SUMMARY OF THE INVENTION 
It is therefore an object of this invention to provide an improved insufflation- 
5 exsufflation system. 

It is a further object of this invention to provide such an improved insufflation- 
exsufflation system which provides a percussive assist for removal of broncho-pulmonary 
secretions. 

It is a further object of this invention to provide such an improved insufflation- 
10 exsufflation system which provides percussive pulse assists during either or both positive 
pressure fluctuations and negative pressure fluctuations. 

It is a further object of this invention to provide such an improved insufflation- 
exsufflation system which provides percussive pulse assists simultaneously with 
insufflation and exsufflation (positive and negative pressure fluctuations, respectively) of 
15 the patient. 

It is a further object of this invention to provide such an improved insufflation- 
exsufflation system which is smaller, more portable and more economical of energy. 

The invention results from the realization that an improved insufflation- 
exsufflation system with percussive assist for removal of broncho-pulmonary secretions 
20 can be effected by providing alternating positive and negative pressure fluctuations at a 
first rate corresponding to patient insufflation and exsufflation and varying the pressure 
during positive and negative pressure fluctuations at a second higher rate to periodically 
decrease the positive pressure during positive fluctuations and decrease the negative 
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pressure during negative fluctuations to provide percussive pulses during at least one of 
insufflation and exsufflation to clear broncho-pulmonary secretions from a patient's 
airway. 

This invention features an improved insufflation-exsufflation system with 
5 percussive assist for removal of broncho-pulmonary secretions. There is a conduit for 
connection to a patient's airway and a pressure source for providing to the conduit 
alternating positive and negative pressure fluctuations at a first rate corresponding to 
patient insufflation and exsufflation. A control mechanism varies the pressure during 
positive and negative pressure fluctuations at a second higher rate to periodically decrease 
0 the positive pressure during positive fluctuations and decrease the negative pressure 
during negative fluctuations to provide percussive pulses during at least one of 
insufflation and exsufflation to clear broncho-pulmonary secretions from the patients 
airways. 

In a preferred embodiment the control mechanism may include a valve device. 

5 The valve device may vent the positive and negative pressure provided by the air pressure 
source to generate the positive and negative pressure pulses. There may be a flow control 
device for setting the level of pressure decreases during the pulses. The flow control 
device may include a restrictor mechanism. There may be a drive device for controlling 
the frequency of the second rate. The drive device may include a motor and a motor drive 

) circuit. The valve may have an open position for generating the pressure pulses and a 
closed position. The valve may have a partially closed position for reducing the overall 
pressure of the pressure fluctuations produced by the pressure source in the conduit and 
an open position for generating the percussive pulses. There may be a drive circuit for 
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controlling at least one of the frequency and stroke of the valve. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages will occur to those skilled in the art from 
5 the following description of a preferred embodiment and the accompanying drawings, in 
which: 

Fig. 1 is a schematic block diagram of an insufflation-exsufflation system 
according to this invention. 

Figs. 2 and 3 are schematic diagrams showing alternative connections of the 
1 0 system to a patient's airway. 

Fig. 4 is an enlarged detail view of the percussive control mechanism of Fig. 1 

Fig. 5 is a waveform illustrating the positive and negative pressure fluctuations 
with the modulating percussive pulses superimposed thereon. 
15 Fig. 6 is a more detailed schematic diagram of the positive/negative pressure 

source of Fig. 1. 

Fig. 7 is a schematic diagram of an alternative percussive control 
mechanism for Fig. 1. 

Fig. 8 is a schematic diagram of another alternative percussive control mechanism 
20 usable with Fig. 1. 



DISCLOSURE OF THE PREFERRED EMBODIMENT 
Aside from the preferred embodiment or embodiments disclosed below, this 
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invention is capable of other embodiments and of being practiced or being carried out in 
various ways. Thus, it is to be understood that the invention is not limited in its 
application to the details of construction and the arrangements of components set forth in 
the following description or illustrated in the drawings. 
5 There is shown in Fig. 1 an improved insufflation-exsufflation system 10, with 

percussive assist for removal of broncho-pulmonary secretions according to this invention 
including a positive/negative pressure source 12 and a conduit 14 for supplying air to and 
withdrawing air from a patient 16 via a face mask 18 which covers the patient's nose and 
mouth. Alternatively, conduit 14 may be engaged with a trachostomy tube 20, Fig. 2, or 

10 with an endotracheal tube 22, Fig. 3. A bacterial filter 24 is typically included someplace 
in the conduit. A percussive control mechanism includes conduit 28 and a valve device 
30 operated by a drive device 32 which may include motor 34 and a motor drive circuit 
36. Valve 30, Fig. 4, of valve device 26 includes an outer stationary portion 40, Fig. 4, 
containing port 42 that engages with conduit 28 and a rotor 44 driven by shaft 46 of 

1 5 motor 34. Rotor 44 includes a right angle channel 48 which includes a radial portion 50 
that aligns with port 42 once each revolution and an axial portion 52 which is open to the 
atmosphere at its end 54. Thus as shaft 46 rotates by means of motor 34 rotor 44 rotates 
as well disengaging channel 50 from port 42 through the entire rotation except at the 
position where it aligns with conduit 28. 

20 In operation as can be seen in Fig. 1, this vents the positive and negative pressure 

provided by pressure source 12 in conduit 14. The faster motor 34 rotates the more times 
the pressure and conduit 14 will be vented. The effect can be seen more readily in Fig. 5. 
where the primary pressure cycle is shown as consisting of a positive pressure fluctuation 
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62 followed by a negative pressure fluctuation 64 that is, the insufflation-exsufflation or 
inhale-exhale, respectively, periods of operation. During each of the positive and 
negative fluctuations 62 and 64 the venting, by means of valve 30 and motor 34, provides 
sharp percussive pulses 66 which momentarily decrease the positive pressure during 
5 positive pressure fluctuation 62 and creates similar percussive pulses 68 which reduce the 

negative pressure during negative pressure pulse 64. The combination of this continuous 
insufflation-exsufflation cycle of the primary positive pressure and negative pressure 
fluctuation 62 and 64 accompanied by the percussive pulses 66 and 68 provides an 
extremely effective, safe and comfortable means for simultaneously loosening and 

10 withdrawing secretions from the patient's airway. The invention applies as well to 
percussive pressure applied to at least one of insufflation and exsufflation. 

Positive/negative source 12, Fig. 6, may include a conventional blower 70 having 
a positive or inhale output for insufflation 72 and a negative 74 or exhale output for 
exsufflation. A three position slide valve 76 includes a negative port 78 positive port 80 

15 and a dwell port 82 which is typically connected to atmospheric pressure. Eccentric 
mechanism 84 driven by motor 86 in a conventional manner moves swinger 88 from 
positive port 80 to negative port 78, to dwell port 82, back to positive port 80 and so on. 
While the frequency of the percussive pulses is determined by the speed of motor 34 the 
magnitude of those pulses can be controlled using a flow control device 90 which may 

20 include a restrictor valve 92 and some means of adjustment, such as thumb screw 94 
which controls the amount of air which will be vented each cycle of valve 30. The 
restricting function may also be accomplished by means of a flow control device 90a, Fig. 
7, which employs a cap plate 92a that can be moved to and fro along the longitudinal axis 
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of valve 30a by means of thumb screw 94a. 

In another embodiment a poppet type valve, 100, Fig. 8, may be operated by a 
linear actuator 102 between a closed position 104 and an open position 106 for providing 
the percussive pulses. Alternatively, poppet valve 100 may function as both a generator 
5 of percussive pulses and a control for the overall pressure provided by pressure source 12 

and conduit 14. In that capacity poppet valve 100 would move between an open position 
106 and a partially closed position 108 so that a portion of the pressure is always bled off 
when the valve is in the partially closed position 108 and then even more is bled off at 
open position 106 to create the percussive pulses. A frequency and stroke control circuit 

10 1 10 is used to control the frequency of oscillation of poppet valve 100 as well as the 

distance of its stroke. 

Although specific features of the invention are shown in some drawings and not in 
others, this is for convenience only as each feature may be combined with any or all of the 
other features in accordance with the invention. The words "including", "comprising", 

1 5 "having", and "with" as used herein are to be interpreted broadly and comprehensively 
and are not limited to any physical interconnection. Moreover, any embodiments 
disclosed in the subject application are not to be taken as the only possible embodiments. 

Other embodiments will occur to those skilled in the art and are within the 
following claims: 

20 What is claimed is: 
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